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TRYPANOPLASMA ATRARIA SP N. (KINETOPLASTIDA: BODONIDAE) 

IN FISHES FROM THE SEVIER RIVER DIULNAGE, UTAH 

J. Stephen Crannc)'^ and Richard A. Ileckmann- 

Abstract.— A total of LSI fishes [>elongiiii^ to 10 species were captured near Hichfielcl, Utah, and examined for para- 
sites. A new species of hemollagellate, Trijpanoplasma atrarki sp. n., was olcsen ed in 3 species: Utah chuh (Gila atraria 
[Girard]), redside shiner (Richardsouius hcdtcatus [Hichardson]), and speckled dace (Rlujiichthys osculus [Girard]). 
Se\ en other species of fishes e.xainined in the study area w ere negative for T. atraria sp. n. The sahnonid leech, Piscicola 
salmosifica (Meyer), collected in the same area harbored dexelopmental stages ol Trijpanoplasma, suggesting a possible 
leech \ ector for the hemofiagellate. Gharacteristies of Tnjpanoj)lasma atraria sp. n. place it near T. salmositica, but the 
new' species is tw ice as large. 

Key icords: Tr\panoplasma atrai ia n. sp., Jdood parasite.^, Gila atraria yi‘.s7i parasites. 



Tnjpauoplasma is a ])itlagellated protozoan 
found in tlie blood of fresliwater fishes in the 
United States. It has eansed significant mor- 
tality in rainbow trout {Oucorlujncluis mykiss 
[Walbainn]) and king salmon (O. tshaiajtscha 
[Walbamn]) under hatcher)^ conditions (Becker 
and Katz 1966, V^ales and Ublf 1995). This 
genus has also been described from the blood 
of marine fish (S trout 1965). Another name for 
the blood biflagellatc of sahnonids described 
abo\ e is Cnjptohia. There arc diflering opinions 
on the use of the two genera, Cnjptohia and 
Trijpanoplasma, but these differences have been 
recently clarified b>^ Lorn and Dykova (1992). 

The genus Cnjptohia was first proposed by 
Leidy (1846) for biflagellated protozoans occur- 
ring as parasites in the seminal vesicles of snails. 
Chalachnikow (188S) was the first to record 
the parasite in tlie blood of fishes, obsen ing it 
in freshwater loaches in Russia. Laveran and 
Mesnil (1901) established the genus Tnjpano- 
plasma for a billagcllated blood parasite from 
freshwater fishes in France. In 1909, Crawley 
stated that Cnjptohia from snails and Tnjpano- 
plasina from fishes were morphologicalb^ iden- 
tical, and that Cnjptohia had taxonomic prior- 
ity. In defending the creation of the genus Tnj- 
panoplasuia, Laveran and Mesnil (1912) argued 
that morphological similarities were not suffi- 
cient criteria for maintaining a single genus 
when strong biological differences, such as 
method ol infection, were evident. The para- 
sites in snails were transferred direetb' during 



copulation, while a leech vector was neeessar\' 
to transfer the llagellate from the blood of one 
fish to another. Putz (1970) submitted that 
comparative biological studies between simi- 
lar morphological types are necessary for a 
correct taxonomic classification. Use of the ' 
genus Cnjptohia has, in most cases, emerged . 
as the popular choice, and Tnjpauoplasma is 
generally recognized as a synonym. Recently, 
Loin and Dx kova (1992) used Tnjpauoplasma 
for biflagellated blood-inhibiting parasites of 
fishes in which a leech vector is iiiA oh ed. Thus, I 
we adopted the classification scheme used b\' i 
Lorn and D> kova (1992). i 

Four species of Tnjpauoplasma from the I 
blood of fi'esh water fishes ha\ e been reported 
in North Amenea. Ma\ or (1915) found T honvli | 
in a moribund white sucker (Catostomus com- 
mersoui [Lacepe]) from Lake Huron. The iden- 
tification of T horreli was based on similarities 
with the species initially described b\ Laveran 
and Mesnil (1901). Katz (1951) recorded C. . 
(=TnjpauopIasma) salmositica from siber j 
salmon (O. kisutch [Walbaum]) and C. (=Tnj- 
pauoplasma) hjuchi from eottids in the state of i 
Washington. Subscciiient transmission studies 
showed C. lynchi to be a s\Tion>Tn of C. salmo- 
sitica (Becker and Katz 1965a). Laird (1961) 
described C. (=Tnjpauoplasma) <i,unieyonim 
from northern pike (Esox liiciiis [Linnaeus]) 
and from 2 sahnonids: lake whitefish {Core- 
f^onus clupcajormis [Mitehill]) and lake trout 
(Salvcliuiis uamaycush [Walbaum]). 
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Fig. 1. Map of tlie study area near Richfield, Utah, showing collection sites on the Se\ ier Ri\er and location of the 
spring ponds (areas 1, 2, and 3) near Bull Claim Hill. 



Another species, C. (^Tnjpanoplasma) cata- 
ractae, was described by Piitz (1972a) from 
se\ eral cyprinids in West X^rginia. This record 
also included the first comprehensi\ e study of 
a Cryptobia (=Tnjpanoplasma) species that en- 
compassed comparati\ e morphology, mode of 
transmission, natural and experimental hosts, 
in \dro and in vitro culture, histopathology, 
and cn opresen^ation. These criteria and exten- 
sive eomparison with T. sabnositica from the 
West Coast were used to justify designation of 
T. cataractae as a valid species. 

An ectoparasitic relationship of Tnjpanophis- 
ma on goldfish {Carassius auratus [Linnaeus]) 
maintained in aquaria was recorded by Swezy 
(1919). Wenrich (1931) also obseiwed the pres- 



ence of external flagellates on the gills of carp 
{Cypn}Uis carpio [Linnaeus]) in Pennsylvania. 
The use of the seientific name Trypiuioplasma 
is accurate for these observations (Lorn and 
Dykova 1992). Khan and Noble (1972) and 
Khan (1991) recentb reported on another 
species oi Cryptobia, C. clahli. 

InN'ob ement of a \ ector in transmission ol 
Cryptobia (=TrypauopIasma) was postulated 
by Mavor (1915). Katz (1951) obseiwed de\ el- 
opmental stages of Cryptobia from the gut of 
the leech Piscicola sabnositica and indicated it 
as a vector for C. sabnositica. Subseciuent 
experiments showc'd conclMsi\ eK’ that the leech 
funetioned as a \ ector in the transfer of C. 
sabnositica from fish to fish (Becker and Katz 
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Table I. Prevalence (%) of Trypanoplasma sp. in fisli exainined from the main Sevier River, northern spring ponds, and 
southern spring ponds east of Richfield, Utali. 



Area 


Fisli 

species 


Number 

examined 


Positive 

infections 


Percent 

positive 


Main Sevier River 


Gila copei 


10 


0 


— 




Gila atraria 


2 


0 


— 




Richardsonius haltcaius 


28 


0 


— 




Rhinichthijs osculus 


1 


1 


100 




Cotins hairdi 


1 


0 


— 




Salmo triitta 


2 


0 


— 


Nortliern spring ponds 


Gila atraria 


20 


20 


100 




Richardsonius haltcaius 


20 


20 


100 




Rhinichthijs osculus 


20 


20 


100 




Oucorhijnchtts mijkiss 


10 


0 


— 




Cyprinus carpio 


10 


0 


— 




Catostomiis ardens 


10 


0 


— 


Southern spring ponds 


Gila atraria 


20 


6 


30 




Richardsonius haltcaius 


20 


0 


— 




Rhinichthijs osculus 


5 


0 


— 




Ainciurus mclas 


2 


0 


— 


Totals — all areas 


Gila copci 


10 


0 







Gila atraria 


42 


26 


62 




Richardsonius haltcaius 


68 


20 


29 




RJunichthys osculus 


26 


21 


81 




Oncorhynchus mykiss 


10 


0 


— 




Cyprinus carpio 


10 


0 


— 




Catostomiis ardens 


10 


0 


— 




Salmo tnitta 


2 


0 


— 




Amciiiriis mclas 


2 


0 


— 




Coitus hairdi 


1 


0 


— 



1965a, 1965c, Burreson 1982). Putz (1972b) 
showed a leech, Cystobranchus cirginicus, to 
be a vector for T cat (tract ae. 

Organisms of the genus Cnjptobia and Tnj- 
panoplasma liave l)een reported as parasites in 
marine and fresliwater fishes, salamanders, 
frogs, heteropods, planarians, siphonophores, 
chaetognaths, leeches, mole crickets, lizards, 
snails, and also as free-living forms (Noble 
1968). 

Woo and Wehnert (1983) and Bower and 
Margolis (1983) reported that Trypanoplasma 
and Cryj)tobia of many species of fish can be 
acquired directly via water and not only by 
leeches. Bower and Margolis (1984) and Woo 
(1987) also considered Trypanoplastna a syn- 
onym of Cnjptobia, a view^ not helped by 
Becker and Katz (1966) or Loin (1979) prior to 
this time. 

The species of Trypanoplasma described in 
this article was first obseiwed by xVIcDanicl in 
1970 (personal communication) from Utah chub 
(Gila atraria) near Richfield, Utah. At that time 
it was considered a species of Cnjptobia. 



Materials and Methods 
Study Area 

The primaiy collection site, located approx- 
imately 5 km east of Richfield, Utah, was sub- 
divided into 3 major areas (Fig. 1); the main 
Sevier River (area 1), northern spring ponds 
(area 2), and southern spring ponds (area 3). 
The ponds are located east of the Sevier River 
at the base of Bull Claim Mill. The springs are 
rocky and contain dense stands of watercress 
and other aquatic plants. The river is heaxily I 
silted and almost d\y during the summer. Fish | 
w ere also examined from source wnters of a 
fisli hatcheiy in the northern spring area and 
from 7 stations on the Sexier River south of 
the principal study area to determine the local | 
range of the hemollagellate. 

Collection and Examination of Fish 

A total of 181 fish representing 5 families 
and 10 species xvere collected and examined | 
for blood flagellates (Trypanoplasma and Cryp- . 
tobia) using the “kidnex' strike” technique | 
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Table 2, Natural liosts, wclors, and ref'ertMicus ()\'Tnjpan()p}asnia spp. IVoin iri‘,sli\\atcM- IisIk-s ol \urtli \iik ru 



Species 


\eetor 


Natural hosts 
(fish) 


Rclriviit( s 


Trifpanoplasmci 
(itrarki sp. u. 


Pis deal a salm os i t ica 


Gild atraria, Hichdrdsonius halU dliis, 
liliini ell 1 1 1 ys ose ulus 


Present stiuK 


T. catanictac 


Cys tohranel ms rirgiu i rus 


llliinirlitliys raiaracide, lihinichtliys 
stratulus, Exoglosswii mdxillingud, 
Campostonid tinonidlum 


Put/ 1970. 1972a, 
1972b 


T. salmositica 


Piscirala salmositicd 


Oncorhyncliiis kisiitcli, Coiliis 
rhotlieus. Coitus aleulieits, 

Oncorliyiiclius )nykiss, Oncorhyncliiis 
tshaicyisclid, Sdhno trulla, Caiostomns 
snyderi, Oucorliynclms kcia, 
Oncorhynchiis gorhnsclia, Prosopiwn 
icillidinsoni, Cottns hairdi. Coitus 
^idosits. Coitus bcldingi Cottns perplexus. 
Coitus aspci\ Rliiniclitiujs caidractdc, 
Cdsfcrosicus aculeatus 


Kal/. I9.)l . Wales anil 
Wbir 1995, Bei k<T and 
Katz 1965b, 1966, Pntz 
1972a, 19721), Heeker 
and Kat/ 1977 


T. gurcncijonim 


None gi^•en 


Coregonus cliipcaformis, Sali clinus 
nnmaycush, Esox lucius 


Laird 1961 


T. barrel i 


None given 


Cdtost omits commersoni 


Mavor 1915 



(Piitz 1970). Hemottagellates were deteetecl l)y 
eharaeteristic whiplike motions of the flagella. 
Examination of stained preparations at higher 
magnification confirmed infections and per- 
mitted moiphological studies. 

Collection and Identification 
of Leeches 

Ectoparasitic leeches of fishes were col- 
lected from the underside of rocks in the 2 
spring areas and identified using Hoffman 
(1967). Specimens were confirmed by Dr. Roy 
W. Sa\wer, Biology Department, College of 
Charleston, South Carolina. Leeches were 
maintained in the laboratory at 4° C in cov- 
ered paper cups, where they could be kept in 
good condition for np to 3 mon. 

Mounting and Staining 

Blood was obtained from the caudal pedun- 
cle of infected fishes. Samples of hempoetic 
tissue were also taken directly from the kidney 
(“kidney strike”). A thin smear was prepared 
on a glass slide, air-dried, fixed with methyl 
alcohol (100%), and stained with Giemsa 
(Hnmason 1967). 

Stained smears from leeches were prepared 
by mortaring each leech in a small amount of 
Hank’s balanced salt solution (Hoffman 1967). 



A smear from the solution was stained follow- 
ing the fish blood procedure. Li\nig Tnjpano- 
plasma were observed in wet mounts from 
infected fish and mortared leeches to deter- 
mine behavioral characteristics. 

Morphometries 

Stained slides were e.xamined at a magnifi- 
cation of lOOOX. Measurements were recorded 
for anterior and posterior flagella lengths, 
body length and width, kinetoplast length, and 
width of the nucleus. Fifty organisms were 
measured and averages compared vith exist- 
ing measurements of other described species 
of Cn/pfohia and Tnjpaiioplasma. 

Results 
Natural Hosts 

Examination of 181 fish at 15 stations re- 
vealed Trijpanoplasma in I tali chub {Gila 
afraria), redside shiner [Ricliardsoniiis baltca- 
tiis), and speckled dace {Rhinichthijas ascuhi.s). 
Seven species (Table 1) appeared to be negati\ e 
for the blood flagellate; Utah sucker iCatosio- 
PIUS ardens [Jordan and Gilbert]), black bull- 
head [Amciurus )ucdas [Rafinesciue]), rainbow 
trout (Oiicorliijnclws mykiss), brown trout 
{Sabno triiiia [Linnaeus]), carp (Cyfyriutis 
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Fiti;. 2. Tnjpunoplasma atrarUi sp. n. from fishes (a) and a leech vector (1), c, d): 1, anterior flagcllmn; 2, hlepharoplast; 
3, kinctoplast; 4, nucleus; 5, posterior flagellum, (h) Rotli flagella in anterior position, (c) posterior migration of flagel- 
lum, (d) common stage in leech with short posterior flagellum. 



rapio), leatlierside chul) {Gila copci [Jordan 
and Gilbert]), and mottled scnipin {Cofius 
hairdi [Girard]). Rainbow trout, earp, and Utah 
sucker all came from the northern springs 
ponds (area 2), while the leatherside chub, 
brown trout, and mottled sculpin were onK' in 
the Sevier Ri\er. Utah chub and speckled 
dace were abundant in the springs, but only 2 
chub and 1 speckled dace were collected from 
the Se\ier River. The 2 black bullhead were 
from the southern spring ponds (arc'a 3). Onb’ 
redside shiner was abundant at all collection 



sites. Reported natural hosts and \ectors of 
described species of Tnjpajioplasnui and Cryp- 
tohia from North America are gi\ en in Table 2. 

Prevale Mice of Tn/p(nio})l(iS))i(i 
in the Richfield, Utah, Area 

Fish infected w ith Tnipmuydasma were, with 
1 exception, obtained in the 2 spiing areas along 
Bull Claim Hill (Table 1). One speckled dace 
was collected wiiere J of the northern springs 
emptied into the Sexier Rixer. In area 1, all 
indix iduals of the 3 host species were infected. 
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At area 2, tlie parasite was present in 30% of 
Utali chill) and alisent in speckled dace and 
redside shiner (Tal)le 1). Microscopic examina- 
tion of kidney iluids from northern sprinij^ 
fishes re\ ealed 3-M flai 2 ;ellates per field at lOOX. 
I'or the southern springs, examination of se\ - 
cral fields at the same magnification was ne- 
cessaiA' to locate a single parasite, indicating a 
much lower lc\ el of infection in tliat area. 

Wetor 

The parasitic leech reco\ ered in the stud\ 
area \^as identified as Fiscicola salniositica, a 
common ectoparasite ol fish in Ireshwater 
streams of the West Coast of the United States 
(Hoffman 1967). Microscopic examination of 
the mortared leech preparation re\ealed se\- 
cral developmental stages of Trypanoplasma, 
which were all inorphologicalK' different from 
the parasite stage in the fish (Fig. 2). This cor- 
relates with obseiA ations by other workers in 
the field (Lorn and D\Tova 1992). 

Piscicola scilmositica was obsen ed from the 
northern springs ponds and the northernmost 
portion of the southern area. Extensive search 
of the remainder of the southern springs and 
Sevier Ri\ er produced no additional specimens 
of the leech. Leech prevalence was high in 
autumn and continued until peak numbers 
were obser\ ed in the middle of February. By 
late March to July, only a small number of 
leeches were obsen ed. 

Rainbow trout, eaip, Utah sucker, and Utah 
chill) were hosts for F. sahnositica. Leeches 
were never observed on redside shiner or 
speckled daee. 

Description of Trijpanoplasma 
atraria sp. n. 

(Fig. 3) 

Average parameters given in micrometers 
with ranges in parentheses of 50 stained speci- 
mens of Trijpanoplasma atraria sp. n. are as 
follows: body length 30.5 (27.36), body width 
4.5 (3-7), length of anterior flagellum 29.2 
(23-34), length of posterior flagellum 20.9 
(15-24), nuclear width 2.7 (2-3.5), kinetoplast 
length 5.9 (4.5-7). Tvpe specimens including 
paratypes have been deposited (USNM Hel- 
minthological Collection Nos. 74436 and 74437), 
with additional paratypes in the junior author s 
collections. Morphometric comparisons with 
other described species of Trijpanoplasma 
from North America are shown in Table 3. 




Fig. 3. Trypanoplasma atraria sp. n. Note ei\ thrucs to 
(B), tlagella (F), nucleus (\), and Body of protozoan; 
1 (K )()X in agi \ i fi cation . 



Trijpanoplasma atraria sp. n. under phase 
microscopy rev'caled a high degree of polv - 
morphism and constant vvhiplikc undulatorv 
movement. Stages in the leech exhibited a 
qiv^ering motion with much less distortion of 
body shape. The most common stage visible in 
the leech had a short posterior llagclhim and 
was less than 1/2 the overall size ol' that 
obseiwed from the fish host (Fig. 2d). 

Discussion 

Published host records for Trijpanoplasma 
in North America include 25 species of fresh- 
water fishes (Putz 1972a). Trijpanoplasma salmo- 
sitica is reported to parasitize 19 species, T 
cataractae 4, T ^iirneijorum 3, and T borrcli 
onlv’ a single host species. Results ol this stiidv 
showed T atraria in 3 cv prinids; L tah chub, 
redside shiner, and speckled dace. 

The only known v ectors ol Trijpanoplasma 
arc parasitic leeches. Two species have b(‘en 
demonstrated as vectors in North America: 
Fiscicola sahnositica as a v ector of 7. salmo- 
sitica (see Becker and Katz 1965a and 



148 



Great Basin Natuiulist 



[Volume 56 



Tablk 3. MoiphoHictric comparison Tnjpanoplasma cifraria sp. n. (ranges in parentheses) with otlier species of Try- 
pauoplasiua^^ described from the blood of Nortli American freshwater fisl\es (all measurements in micrometers). 



Species 


Toliil 

length 


W'icltli 


Length of anterior 
llagella 


Length of posterior 
llagella 


Nuclear 

yvidth 


Kiiietoplast 

length 


Tnjanoplasma 
atraria sp. n. 


30.5 (27-36) 


4.5 (3-7) 


29.1 (23-34) 


20.9(15-24) 


2.7 (2.0-3.5) 


5.9 (4.5-7.0) 


T cataractae 


17 


2 


11 


14 


1.0-1.5 


2.6-3. 1 


T salmositica 


14.94 


2.46 


16.05 


8.96 


1. 5-3.5 


4.58 


T gnrcncyoriim 


25.1 


6.7 


19 


10 


None giy en 


None giy en 


T borrcii 


20-25 


3-4 


None giy en 


None giyen 


None giy^en 


None giy en 



■^There is a close relationship between tlie tv\ o blood flagellates; Cnjptohki and Tnjpaiiopiawui. Species of Tnjpanoplasma are transmitted usualK by a leech vector 



Cijstolminclnis virginicus as the vector of T. 
cataractae (see Piitz 1972a). The salmonici 
leech, Piscicola salmositica, is probably the 
hemoflagellate vector in this study. No direct 
transmission experiments were conducted, but 
leeches were observed parasitizing fishes at 
the collection sites, and Tnjpanoplasma was 
obsen ed in leech guts. The protozoan appears 
to undergo developmental changes within the 
leech with the trailing flagellum migrating 
anterior to posterior and forming the undulat- 
ing membrane (Fig. 2). The size of the flagel- 
late in the leech was about 1/3 to 1/2 that of 
the parasite in the fish host. Becker and Katz 
(165a) reported E salmositica as endemic to 
the Pacific Coast of North America. Cope 
(1958) and Heckmann (1971) identified 
salmonid leeches from cutthroat trout in Yel- 
lowstone Lake. Direct transmission studies 
would clarih^ the role of the leech rclati\ e to 
fish infections with T. atraria. 
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